For the management of thyroid diseases, there have been few studies aimed at examining the association between disparities and outcomes.
cal differences among racial or ethnic groups, cultural differences and their effect on behavior or decision making, or socioeconomic factors, such studies have consistently demonstrated that disparities exist and are an integral factor in obtaining access to preventive care and surgery. For the management of thyroid diseases, there has been much less effort to examine the association between disparities and outcomes. [29] [30] [31] [32] [33] [34] Health disparities have been documented for decades, and although improvements in health care have led to advances in the management of a variety of diseases, gaps between white individuals and racial minorities have shown little change. 35 As such, it seems imperative to continue to examine the influence of race/ethnicity and socioeconomic status on outcomes for a variety of surgical procedures. To date, this is the largest study of its kind to look at the effects of socioeconomic status and race/ethnicity on access to care and clinical and economic outcomes following thyroid surgery.
Methods
This study is a cross-sectional analysis using the Nationwide Inpatient Sample (NIS) database for the years 2003 through 2009. The NIS database is part of the Healthcare Cost and Utilization Project (HCUP) and is sponsored by the Agency for Healthcare Research and Quality. It is the largest all-payer inpatient database that is publicly available in the United States, containing de-identified data from approximately 8 million hospital stays from about 1000 hospitals sampled to approximate a 20%-stratified sample of US community hospitals. 36 The
International Classification of Disease, Ninth Revision (ICD-9) was used to define the diagnoses and procedures of interest.
The study population consisted of adult (age ≥18 years) inpatients who underwent total/complete thyroidectomy (TT) (ICD-9 code 06.4) or unilateral thyroidectomy (UT) (ICD-9 code 06.2) as the primary procedure. The primary diagnoses were classified into malignant thyroid diseases (ICD-9 codes 193 and 237.4), benign thyroid diseases (ICD-9 codes 245.0-245. 4 The study had 2 main sets of outcomes: the first set included postoperative complication, LOS, and overall cost in relation to selected hospital and surgeon characteristics, namely surgeon volume (low surgeon volume [<100 thyroidectomies per year] vs high surgeon volume [≥100 thyroidectomies per year]), hospital volume (low hospital volume [<median] vs high hospital volume [≥median] [median = 42 thyroidectomies per year]), hospital location (urban vs rural), and hospital teaching status (teaching hospital vs nonteaching). The HCUP-NIS database contains data on total charges representing the amount billed for services for each hospital. To calculate cost, hospitalspecific cost to charge ratios available through HCUP were used, which allow for the conversion of charges to costs. Information used to calculate these ratios was obtained from hospital accounting reports collected by the Centers for Medicare & Medicaid Services (CMS). 36 The second set of the outcomes encompassed the accessibility to and availability of different surgeon volumes, hospital volumes, hospital locations, and hospital teaching status to patients based on patients' race/ethnicity (white, black, Hispanic, other [ including, but not limited to, Asians, Pacific Islanders, and Native Americans]), income (quartile classification), and health service payer (Medicare, Medicaid, private insurance, self-pay).
Dichotomized complications were defined as the presence of 1 or more of the general or specific complications based on the secondary diagnoses made during the hospital stay. We included specific complications related to TT: (1) vocal fold paralysis or hoarseness, (2) hypoparathyroidism, hypocalcemia, or tetany, (3) tracheomalacia, (4) neck seroma or hematoma, and (5) wound complications, as well as those that were indirectly related but that merited routine discussion during the process of informed consent, such as cardiac, pulmonary, and renal complications. 21 Other secondary independent factors that were assessed as potential confounders were (1) patient demographics (age [<64, 64-79, ≥80 years], and sex); (2) clinical factors (primary diagnosis [malignant, benign, or Graves disease]), obesity (body mass index ≥30 [calculated as weight in kilograms divided by height in meters squared]), admission type (elective vs nonelective), inpatient death, whether neck dissection was performed, and a modification of the Charlson Comorbidity Index Score, which was used to measure patient comorbidity (scores 0-1 were categorized as low; 2-3, medium low; 4-5, moderate; and ≥6, high) 37 ; and (3) hospital characteristics (hospital bed-size [small, medium, large] and hospital geographic region [Northeast, Midwest, South, West]). Statistical analyses used weighted data reflecting the national estimate. The recorded weights are available in the NIS sociation between each of the independent factors and the outcomes of interest. In examining for potential confounders, the following variables with significant association were considered to have a possible confounding effect and were thus included in multivariable logistic regression models: age, sex, diagnosis, neck dissection status, inpatient death, admission type, hospital bed size, Charlson Comorbidity Index Score, obesity, and hospital region, besides the main factors of interest (race, income, and service payer).
Multivariable logistic regression models were used to calculate odds ratios (ORs) and 95% CIs. Stratification by different hospital regions was performed as a means to examine the variations across the United States. The t test was used to test for the differences in cost and LOS. Significance level was set as α = .05, and all analyses were conducted using SAS 9.2 for Windows (SAS Institute Inc).
Results
A total of 62 722 discharge records were identified based on the inclusion criteria between 2003 and 2009 ( Table 1) . The mean (SD) age of the study population was 51.8 (0.12) years. The majority of the study population was white (71.7%), was female The first part of the study focused on examining the association of surgeon volume, hospital volume, hospital location, and hospital teaching status with postoperative complications, LOS, and cost. Postoperative complications were higher in the low surgeon volume group compared with the high surgeon volume group (17.2% vs 12.08%; P < .001) ( Figure) . Also, complications were higher in the low hospital volume group compared with the high hospital volume group (17.7% vs 15.1%; P < .001). Furthermore, the risk of complications were associated with hospital region as well (P < . 
Hispanic Patients
In the next part of the study, we examined the accessibility to health care in terms of a patient's racial/ethnic and economic backgrounds. At the national level, Hispanics were more likely to be managed by low-volume surgeons than whites (OR, 2.04; 95% CI, 1.19-3.48 [P = .009]) ( Table 2 ). This finding remained significant when considering each region separately except for in the Midwest. In addition, in the West, Hispanics were more likely to be managed at low-volume hospitals compared with whites (OR, 1.64; 95% CI, 1.02-2.65 [P = .04]) (Table 2) . Also, Hispanics were less likely to be managed in rural hospitals compared with whites at the national level (OR, 0.34; 95% CI, 0.21-0.56 [P < .001]) ( Table 3 ). This association remained significant only in the South on regional analysis. Finally, in the Midwest, Hispanics had less probability of being managed in a nonteaching hospital compared with whites (OR, 0.24; 95% CI, 0.07-0.77 [P = .02]) (Table 3) .
Black Patients
Blacks in the Northeast were more likely to be managed by low-volume surgeons compared with whites (OR, 1.87; 95% CI, 1.01-3.48 [P = .047]) (Table 2) , and in the Midwest and West, blacks were at greater risk of being managed in lowvolume hospitals compared with whites (OR, 2.25; 95% CI, 1.09-4.63 [P = .03]; and OR, 1.69; 95% CI, 1.09-2.60 [P = .02], respectively) ( Table 2 ). Blacks were less likely to go to rural hospitals compared with whites on a national level (OR, 0.34; 95% CI, 0.20-0.60 [P < .001]) (Table 3) , and this relationship maintained significance in all regions except in the Risk of postoperative complications by surgeon volume (P < .001), hospital volume (P < .001), hospital region (P < .001), urban/rural location (P = .41), and hospital teaching status (P = .37).
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Household Income
We next examined the effect that household income had on the accessibility to health care. Nationally, the association that was most prominent and consistent was the risk of being managed at rural hospitals. Risk of going to a rural hospital was linearly and inversely related to the quartile of household income. (Table 3) . Furthermore, the likelihood of being managed by the low surgeon volume group or at a low-volume hospital (Table 2 ) was also significantly associated with income; however, this association was less generalizable across the entire nation and was most prevalent in certain regions. In the South, households with the lowest quartile income were at greater risk of being managed by low-volume surgeons compared with those with the highest quartile income (OR, 4.4; 95% CI, 1.80-10.72 [P = .001]) ( Table 2) . The risk appears to decrease as income increases, and a similar association was identified in the Midwest. Also in the South, those 0.31-0.75 [P = .001], respectively) ( Table 3) . When stratifying by regions, the Midwest was the only region in which association between type of coverage and access to nonteaching hospital was lost.
Discussion
Through a variety of factors such as substandard housing and nutrition, lower educational and economic opportunity, and greater environmental risks, both lower socioeconomic position and minority race/ethnicity contribute to poor health and shortened survival. 38, 39 These disparities in health-related outcomes are fueled most notably by the inequalities that exist in the access to health care, 40 and some would argue that being a member of a minority race or ethnicity predisposes a patient to lower-quality care. 41 Many studies have demonstrated volume-outcome relationships between improved patient outcomes following complex operations at high-volume centers [4] [5] [6] [7] and by more experienced surgeons. [8] [9] [10] [11] [12] [13] [14] [15] [16] Recent studies have shown this to be true for thyroid surgery as well. [17] [18] [19] [20] [21] Given the arguments regarding accessibility to quality health care, one would suspect that the disparities that exist for minorities and those of lower socioeconomic status may potentially be explained by a lack of access to high-volume surgeons and high-volume centers. Not only was there a disadvantage for minorities to receive care at high-volume hospitals, but also from high-volume surgeons for procedures with a well-established volumemortality association. Other studies examining outcomes for ovarian and breast cancers have also demonstrated racial and socioeconomic influences on achieving access to highvolume providers (both surgeons and hospitals). 45, 46 In the study by Chang et al, 46 despite the nationwide universal health care system in Taiwan, patients with breast cancer from a lower socioeconomic status were still more likely to obtain care from low-volume service providers. 46 In 2007, Sosa et al 33 were the first group to explore these issues as they relate to thyroidectomy. In their study they found that there are significant racial and ethnic disparities in outcomes, that these disparities are pervasive, and that they may in fact be worsening as the gap in access to high-volume thyroid surgeons increases among different races.
To date, our study is the largest of its kind using the most recently available data from the NIS database to examine the correlation between volume and outcomes and the socioeconomic and racial disparities present for thyroid operations. Unlike Sosa et al, 33 we categorized surgeon volume into 2 groups for simplicity and used a 2-step algorithmic multivariable analysis, which allowed us to control for possible race-related intrinsic factors, such as genetics. Instead of linking race/ ethnicity to the outcome directly and controlling for variables that do not necessarily give weight to intrinsic factors, we linked outcome to both hospital and surgeon characteristics, and consequently we examined what race/ethnicity and socioeconomic backgrounds had access to those characteristics on both a national and regional level. This allows a more confident inference regarding the inequality and disparity in health management with respect to patients' demographic attributes. Similar to previously published findings, 17-21 in our study postoperative complications were significantly more likely to occur when low-volume surgeons performed the procedures (17.2% vs 12.1%) and when patients were managed at lowvolume centers (17.7% vs 15.1%) (Figure) . Furthermore, we found that complications seemed to be associated with hospital region as well, with the highest risk recorded in the southern part of the United States (19.9%) and the lowest risk in the northeast (13.0%).
Compared with whites, other races and ethnicities, such as blacks and Hispanics, were more likely to be managed by low-volume surgeons and at low-volume institutions throughout different regions of the United States (Table 2) . Furthermore, LOS was longer when patients were managed by lowvolume surgeons (1.74 vs 1.20 days) and at low-volume hospitals (1.85 vs 1.57 days). Using income and payer status as surrogates for socioeconomic status, we demonstrated the likelihood of being managed by a low-volume surgeon or at a lowvolume hospital to be significantly associated with income in certain regions of the United States (Table 2 ). In the South, households with the lowest quartile income were at greater risk of being managed by low-volume surgeons and at lowvolume hospitals compared with those with the highest quartile income. This risk appears to decrease as income increases, and a similar association was identified in other regions, such as the Midwest. Finally, on a national level, Medicare patients were more likely to be managed at low-volume hospitals, and in the South, Medicare patients were also more likely to be managed by lowvolume surgeons compared with those with private/HMO coverage. The same applied to patients on Medicaid. In the Northeast and South, receiving Medicare was also associated with higher risk of being managed in low-volume hospitals. All of these findings together lend credence to access limitations being one of the principal explanations for the observed discrepancy in outcomes by race.
Interestingly, despite showing that there are disparities regarding access to teaching and urban hospitals (Table 3) , teaching status and whether a hospital was in an urban or rural location did not appear to have an effect on outcomes (Figure) . Other studies have suggested that patients are more likely to present to public hospitals with more advanced-stage of thyroid cancers compared with teaching hospitals 29 and that race and low socioeconomic status often lead to delayed presen-disease and have worse survival compared with any other racial group and that there appears to be a persistent protective survival advantage of Asian-Pacific Islander and Hispanic patients despite presenting with later-stage disease. Our study encompassed operations for Graves disease (3.3%) and benign (60.8%) and malignant (35.9%) conditions and did not specifically focus on outcomes for thyroid malignancy. Because teaching status and whether the hospital was in an urban or rural location did not represent any significant associations with respect to complications, LOS, or cost within this analysis, it is possible that this is a limitation of the comprehensiveness of the NIS database or that further regional classifications may have been necessary but were outside the scope of this analysis. There are several limitations and shortcomings to our study. The data set does not allow us to fully adjust for the extent of thyroid disease or stage of thyroid cancer, the NIS database underestimates 30-day complication and mortality rates following all procedures, and coding inconsistencies exist. 47 Complications may be diagnosed and followed only on an outpatient basis or coded as separate diagnoses when requiring readmission. Because we are only capturing patients admitted to the hospital, it is possible that these patients represent a sicker demographic than patients typically undergoing outpatient operations, and thus complications may be more robust among this patient population. Some complications are missed by this database because of events occurring following discharge, and it is likely that our results represent a conservative estimate of the risks that may occur following thyroid surgery. In addition, because the NIS database does not capture ambulatory surgery cases, the LOS will be skewed upward since we are only capturing patients who are admitted. Finally, the NIS database provides us with some socioeconomic variables, such as income, primary payer, and rural vs urban locations, but it lacks other variables such as patient education, wealth, and employment status, which may also have an impact on outcomes and access to care. 48 Despite these limitations, the NIS database uses weighted data points in an attempt to scale its data to reflect representative information at the national level. All calculations conducted in this study used the provided weighted data to produce the most accurate information on a national level, which makes these findings closely tailored to the US health system.
Conclusions
The risk of complications following thyroid surgery tends to be higher for low-volume surgeons, at low-volume hospitals, and within certain regions of the United States, notably the South. Furthermore, there are prevalent disparities between socioeconomic classes and races with respect to access to these safer high-volume surgeons and institutions. Author Contributions: Drs Hauch and Kandil had full access to all of the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis. 
